Introduction: Emerging diseases are of great interest, especially those associated with high mortality rates such as hantaviruses. We aimed to conduct a seroepidemiological survey to determine the levels of hantavirus infection. Methods: In-house enzyme-linked immunosorbent assay (ELISA) was used to detect specific antibodies. Results: Of the 429 samples collected, seropositivity of 3.9% to anti-hantavirus immunoglobulin G (IgG) was observed (CI 95%: 2.3-5.7). Moreover, in three cases, immunoglobulin M (IgM) was detected, of which two were diagnosed as hantavirus cardiopulmonary syndrome (HCPS). Conclusions: Our data indicate the considerable occurrence of previous hantavirus infections, highlighting occurrences from sub-clinical cases to HCPS.
Hantaviruses are an emerging zoonosis transmitted mainly by the inhalation of aerosols from the excreta of infected wild rodents. Following the inhalation, viral particles may invade endothelial cells and platelets through tropism by β-integrin receptors. Subsequently, a heightened immune response can lead to pulmonary edema and cardiogenic shock as observed in hantavirus cardiopulmonary syndrome (HCPS). The evolution to this clinical picture reflects in a high case fatality rate ranging from 35 to 50% in several American countries 1, 2 .
Hantaviruses are enveloped virus particles with a mean diameter of 112nm, having a spherical morphology and a single-stranded ribonucleic acid (RNA) genome, having negative polarity, and being divided into three segments: small (S), medium (M), and large (L) 3 . It is reported that more than 21 hantavirus species have already been found, mainly in wild rodents 4 .
In the Americas, Brazil has the highest number of hantavirusrelated cases, with 2,048 disease cases diagnosed by 2016 5 . This fact classifies HCPS as a public health problem in the country. Thus, we aimed to conduct the first seroepidemiological survey for hantavirus in the Goiás State to determine the levels of previous hantavirus infections and to evaluate the knowledge of the population about the disease in the Jataí county-Goiás.
The study site was the municipality of Jataí, located in southwestern part of the state with a distance of 320km from the capital (Goiânia) and a population of 97,077 individuals (Figure 1) . Using a seroepidemiological survey design, the levels of anti-hantavirus immunoglobulin G (IgG) and immunoglobulin M (IgM) were investigated and a questionnaire was administered to the participants. Part of the survey involved epidemiological data related to risk factors such as occupational activity, place of residence and recreational activities such as leisure in the rural area.
The households drawn to participate in this study, from an urban plan map, were visited from August 2012 to February 2015. Individuals who agreed to participate in the study donated whole blood, collected through a sterile disposable micro lance from the digital pulp and the blood was soaked in paper strips (Nobuto Blood Sampling Paper) of high-quality. After the collection, georeferencing was carried out through the software ArcGis10, for the points where the serological research was carried out (Figure 2) .
The filter paper strips soaked with the biological samples were stored at a low temperature in the Virology laboratory of Federal University of Goiás [Universidade Federal de Goiás (UFG)] in Jataí. Subsequently, they were diluted in phosphatebuffered saline (PBS) buffer and processed by the in-house enzyme-linked immunosorbent assay (ELISA) test 6 .
Briefly, a 96-well, flat-bottom ELISA microplate [PolySorp™, Nunc, Chicago, IL, United States of America (USA)] was sensitized at the top (wells A, B, C, and D of rows one to 12) with the recombinant N protein of Araraquara virus (antigen positive). It was also sensitized at the bottom part (wells E, F, G, and H of rows 1 to 12), with Escherichia coli extract (antigen negative), both diluted in 0.05M carbonate buffer at pH 9.6 and a concentration of 2μg/ml. After the dilution and the addition of the antigen (100μl/well), the plates were incubated in a moist chamber inside a refrigerator at 4°C for 18 hours (overnight). Thereafter, the wash solution (PBS 1X with tween (T) −20) was used in all phases, except after the addition of the chromogen in the fi nal phase. The microplate was then blocked with skimmed milk powder (SMP, Molico Milk Nestlé®) and remained incubated in humid chambers for 2 hours at 37°C. Subsequently, the test sample, which was diluted 1: 100 in PBS-T and SMP, was added. The next step included adding the conjugate (goat anti-human IgG peroxidase, diluted 1: 2000 in PBS-T and SMP). Finally, the colorimetric substrate used was tetramethylbenzidine (TMB) (Sigma-Aldrich®, St. Louis, MO, USA) and the Stop solution was 1M hydrochloric acid (HCl). The absorbance was measured on an ELISA reader (Thermoplate) with a primary fi lter of 450nm and the secondary fi lter of 630 nm. The cut off was determined by the mean optical densities (OD) of the negative controls plus three standard deviations 6 . STATA IC/64 software (version 13.1, College Station, TX) was used for data analysis. Therefore, for the measure of association, prevalence ratio (PR) was reported in the statistical analysis with confi dence interval (CI) of 95%. The study was approved by the research ethics committee involving human beings of the Federal University of Goiás (n° 348/2010) and participants provided written informed consent.
A total of 429 samples were screened by the in-house ELISA method. Of these samples, 52% belonged to males, 84% came from the urban area and the average age of participants was 36.2 years. The seropositivity of anti-hantavirus IgG in the Jataí population was 3.9% (17/429; 95% CI: 2.3-5.7), with higher seroprevalence for men (5%, 12/238) than for women (2.6%, 5/191) ( Table 1) . However, no signifi cant difference was found between the seropositivity by gender (PR: 1.9; 95% CI 0.7-5.0), the participants living in rural/urban areas (PR: 1.1; 95% CI 0.3-3.8) and age of the participants (PR: 0.7; 95% CI 0.3-2).
Despite numerous hantavirosis-related mortalities in the county, the participants vaguely remembered symptoms that are suggestive of HCPS, such as intense fever, respiratory problems, chest pain, and headache 2, 7 . Hence, according to Figueiredo et al. 8 , the reported confi rmed cases of hantavirosis correspond to only a small part of the totality. Most of the infections could have been diagnosed as non-specific acute febrile illnesses such as influenza A (H1N1), leptospirosis and dengue. Therefore, owing to the inability of most participants to recall prior clinical presentations and because they also present with antibodies typical of the chronic phase, it is not possible to confirm the existence of subclinical infections. Among the samples included for the serological investigation were samples belonging to two male participants aged 29 and 32 years with IgM anti-hantavirus antibodies. The infection in the two men evolved into the severe form of the disease (HCPS), with the occurrence of death in the younger patient 9 . The third IgM reactive case, another man aged 44 years, presented with a disease similar to dengue, but tested negative for the dengue virus. In this case, the diagnosis occurred retrospectively, thereby reinforcing the concern of underreporting of hantavirosis among suspected dengue cases, since the clinical management of the two diseases differs.
The seroprevalence of anti-hantavirus IgG antibodies detected in this study is higher than that reported in the serological survey conducted by Souza et al. 10 Despite using similar techniques, they observed 1.97% seroprevalence in the samples from the urban and rural areas of four municipalities of the Santa Catarina State. In another study conducted in cities near the border between Brazil and Argentina, still in the State of Santa Catarina, they found a 3.5% seroprevalence 11 . The highest reported level of infection with an index of 4.7% was found in the City of Cássia dos Coqueiros, located in the State of São Paulo, in the Southeast region 12 . It is important to point out that most of the HCPS cases occurred in the Southeast of the country, along with the South region.
Recently, in the study conducted by Vieira et al. 13 , high anti-hantavirus IgG seroprevalence of 13.6% was shown in the City of Sinop in the Mato Grosso State. The study site may justify this in part because the state has the second highest number of HCPS cases nationwide. Vieira et al. also reported higher seropositivity among women from urban areas, differing from our data with a higher seropositivity among men (71%) and from rural areas (4.4%). It is known that hantavirosis is considered primarily a rural disease and, consequently, rural dwellers as well as individuals who are often in contact with the rural area comprise a risk group. Therefore, there are numerous studies from other areas of Brazil demonstrating considerable serological prevalence for hantavirus in men living in rural areas, a fact that seem to link hantavirus infection and fieldrelated activities 7, 14 . Although the risk group for hantavirus is comprised mainly of men in their productive years (aged 20 to 39 years) residing in the rural areas 5 , nevertheless, serological surveys for hantavirus should also be carried out in the urban areas. Residents of urban areas also have links to the field, through work or field-related activities which might increase the risk of exposure to rodent reservoirs 11, 13 . Thus, when the questionnaire was administered, a majority of the population expressed having experienced situations considered to enhance the risk for hantavirus infection, including rural tourism (74%) and exposure to house cleaning in the countryside, sheds, and other similarities (71%). Direct and indirect contact with rodents was also common (81%). Hence, it would be interesting to develop a standardized questionnaire, with a score involving risk activities, since the frequency of performing these activities could better correlate with the risks of viral infection.
In epidemiological studies in Brazil, the Araraquara Hantavirus genotype was detected in the rodent Necromys lasiurus, being found in the Cerrado, a predominant biome in the state 4 . In this context, in a study carried out in Ribeirão Preto-São Paulo and Minas Gerais State, near the State of Goiás where sequenced genetic material were collected in patients during the acute phase of infection, showed a high homology with the N gene and partial S segment sequences from the Araraquara virus 15, 16 . Thus, it is possible that the hantavirus-related morbidities occurring at these sites are caused by this virus, however, it is necessary to carry out viral identification in the future owing to the possibility of other circulating genotypes in this region.
During the course of the study, efforts aimed to raise awareness among the population, through the dissemination of information regarding hantavirosis. Hence, self-explanatory folders on the disease were provided as information regarding symptoms, means of transmission and prevention measures. Our results suggest that most of the participants were unaware of the disease (~ 80%). This reinforces the need for public health measures aimed at raising awareness about the risks of hantavirus. In addition, epidemiological data from the present study provides insights for future studies using molecular biology tools for the identification of hantavirus associated with HCPS and other antigenically related viruses in this region.
